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入研究了材料的结构，形貌及电化学特性。XRD 显示 CoS2 为立方结构，
空间群为 Pa3，晶胞参数 a=5.531Å。SEM 结果表明观察其平均颗粒尺寸
大约在 30μm，表面有大量具有纳米特征的针状物。对混合不同乙炔黑含
量的 CoS2 电极材料进行比较研究表明，乙炔黑含量为 30%的样品具有较
好的电化学性能，当截止电压分别为 0.02V 时，其首次放电容量高达
1280mAh g-1。我们采用非原位 XRD 方法考察了材料在充放电过程中结构
的变化，同时结合 XPS 等方法研究了其离子的价态分布。并且通过理论
计算得到 CoS2 + 4Li+ + 4e- → Co + 2Li2S 反应的吉布斯自由能(ΔrG)和电
动势(E)分别为-146kJ/mol和 1.898V，在这些结果的基础上提出了CoS2 材
料与 Li+反应的两种可能机理，当放电截止电位为 1.6V 时，CoS2 材料与
Li+的反应表现为可逆的拓扑反应过程，其机理可表示为：x Li+ +x e- + CoS2 
 LixCoS2，当放电截止电位为 0.02V 时，是一个氧化还原过程，反应机
理可表示为：CoS2 + 4Li+ + 4e-→ Co + 2Li2S。 
本文采用了一种新的合成方法—机械合金退火法制备出纯相 Mg2Si

















达到 573mAh g-1，而 2 次充放电循环后容量降低到 50mAh g-1 左右。为了




到复合材料的最佳配比，其中 CMS40 和 CNT40 两种材料的充放电性能都
明显优于纯的原材料，这两种材料以 50mA·g-1 的电流密度在 0.02－3.0V
范围内进行充放电可以获得最佳的结果，特别是 CMS40 复合材料有很好
的循环稳定性，其稳定的可逆容量达到 400mAh·g-1 以上。实验证明 Mg2Si
与导电性良好的碳材料复合，明显改善了硅合金负极材料的可逆比容量和
循环稳定性，是一种使硅合金材料走向实用化的好方法。我们还通过





和 CH3COOLi 对 Mg2Si/C 复合材料进行修饰改性的方法，但并未能成功
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逆比容量均比 Mg2Si 材料有很大的提高，值得做进一步的深入研究。 
本论文最后对锂离子电池负极材料 Co3O4 及 NiO 材料进行了初步的
研究，通过不同的合成方法制备了一系列过渡金属氧化物，运用 DSC，





为 50nm，在其中填充的纳米过渡金属氧化物 NiO 层厚度相对均匀，循环
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Abstract 
The research and development of negative electrode materials with high 
capacity, good cyclic stability and low irreversible capacity loss in the first 
cycle is one of “hot” subjects in the study of electrode materials for lithium 
ion batteries presently. In this thesis, cobalt disulfide, silicide alloys, 
transition-metal oxides were studied in detail. 
This thesis firstly investigated the possibility of cobalt disulfide using as a 
novel negative electrode material for lithium ion battery. The crystal structure 
and surface morphology and electrochemical performances were studied in 
detail by various methods and techniques, including structural analysis, 
surface analysis, thermal analysis and electrochemical techniques. The results 
of XRD show that the sample is a cubic phase with a space group Pa3 and the 
cell parameter: a=5.531Å. The grain size of the sample was 30μm with a 
special nanostructured characteristic as observed by means of SEM. 
Charge-discharge experiments showed that the sample with 30wt. % acetylene 
black at the current density of 50mA·g-1 had the best performance, it showed 
that the first Li+ insertion capacity (3.0-0.02V) was even as high as  
1280mAh·g-1. Ex-situ XRD experiments were also carried out to determine the 
structural changes of delithiated / lithiated process and used to analyze the 
reaction mechanism. Calculated Gibbs free energy change (ΔrG) and emf (E) 
values for the reaction CoS2 + 4Li+ + 4e- → Co + 2Li2S are -146kJ/mol and 
1.898V respectively. Based on the results, two possible reaction mechanisms 
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ions were proposed. Based on ex-situ XRD and cyclic voltammetric 
experimental results, it was believed that the reaction was an intercalation 
reaction when the discharge voltage was set at 1.6V, the mechanism of CoS2 
with lithium had been proposed as x Li+ +x e- + CoS2  LixCoS2. At this time 
the structure of material almost was not destroyed in this reversible topotactic 
reaction process, however, the Li+ insertion reaction was a redox reaction 
when the cut off discharge voltage was set at 0.02V, the reaction results in the 
collapse of the CoS2 structure, the mechanism had been proposed as CoS2 + 
4Li+ + 4e-→ Co + 2Li2S. 
Mg2Si was synthesized by a new method --mechanically activated 
annealing (MAA) in this thesis. The preparing conditions for pure Mg2Si alloy 
were studied and optimized with different ratio of Si and Mg and time for 
heat-treatment. The electrochemical performances of the pure Mg2Si material 
were studied and the results showed that the pure Mg2Si material delivers large 
initial capacity and the capacity decreases rapidly with cycling, for an example, 
the first capacity was 573mAh·g-1, but the capacity decreased to 50mAh·g-1 
after 2 cycles. The composite materials of Mg2Si and carbon materials such as 
CNTs and CMS with different ratios were also prepared by ball-milling 
technique. Their morphology, structure, electrochemical performances were 
compared by the XRD ， SEM ， TEM ， BET and galvanostatically 
charge/discharge experiments. The optimum ratio of Mg2Si and carbon were 
gained. Especially, the electrochemical performances of CMS40 and CNT40 
composites were obviously better than that of pure Mg2Si. Both of composites 
showed good cycleability, and the reversible capacity of CMS40 cycled 
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400mAh·g-1. The capacity and cycleability of Mg2Si alloy materials were 
obviously improved by forming Mg2Si and carbon composites. The results of 
EIS indicate that the composite of Mg2Si/CMS had better interface stability 
than Mg2Si. In addition, the FTIR, XPS spectra of Mg2Si and the composite 
are also compared and the results showed that the interaction between Mg2Si 
and carbon material was only a simply physical interaction, carbon materials 
provide the buffer space of the volume change of materials during charging 
and discharging process and slowed the destroying process that the structure of 
materials. Based on our experimental results, the formation model of 
composite mechanism was given. We have also tried some methods to 
improve the property of Mg2Si/C composites such as the irreversible capacity 
loss in the first charge/discharge cycle, however, the effects of surface coating 
is not positive. In addition, Mg2SnxSi1-x（x=0.1，0.2，0.3，0.4）series were 
prepared by MAA. The results show that the capacity and electrochemical 
performances of Mg2Si were improved by doping Sn, but the effect was not as 
good as that of composites. In the last part of this section, the preparation and 
the electrochemical performances of Mn-Si、Ni-Si and Fe-Si silicides were 
studied and explored elementally. The electrochemical performances of Mn-Si 
materials were batter than that of Mg2Si, and it was worth studying in detail.  
In the last chapter, Co3O4 and NiO materials as negative electrode for 
lithium ion batteries were studied. A series of Co3O4 and NiO materials were 
synthesized by different chemical methods. The synthetic conditions were 
optimized based on DSC and TG results. The structure and morphology of the 
materials were also characterized by means of XRD and TEM techniques, and 
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galvanostatically charge and discharge experiments. In additions, the 
possibility of NiO doped other metal element was probed. In the end, 
nano-structured metal-oxide NiO was filled into AAO template’s 
nano-channels successfully and their electrochemical properties were 
primarily studied. The results showed that the porous nano-channels were well 
defined with the diameter about 50nm. Cycle voltammetry studies show the 
NiO in AAO template has good cycle stability. It was suggested that the AAO- 
















Key words: Lithium ion batteries, Negative electrode materials, Silicide alloy, 
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